The aim of the paper is to classify individuals according to age through dental development of their third molars. Such teeth were classified by Demirjian's 8-stages dental maturity scale, but we introduced a new and relevant variation. In fact the odontologist is allowed to classify a tooth representing the uncertainty about the stage attribution, using the soft-evidence, which is included in the parametric learning. We used a modified Naïve Bayes to classify 559 Italian youths (307 males and 252 females) aged between 16 and 23, according to dichotomous and trichotomous classifications. Results show the importance of the expert's skill in reading the OPG and the ability to express their beliefs about the dental maturity stage.
Introduction
In recent decades, the immigration of people without regular identification papers has often required age assessment by courts and other public authorities. Age assessment becomes an issue in cases concerning crimes, helping refugees and fulfilling scholastic duties. This need has originated a new, specific and autonomous field in forensic science (1, 2) .
In most European Union countries and in the United States, the important legal thresholds are 14 and 18 years, whereas in Germany, Spain and extra-European countries, 21 years is also relevant. These legal thresholds motivate the special interest in age assessment concerning young individuals.
Methods using dental mineralization evidence observed through orthopantomographs (OPG), have been proved useful to assess an adolescent's age. Many researchers consider the third molars' development the most effective in detecting ages over 15-16 years since the dentition up to the second molars is almost completed at that time. Nevertheless some problems such as inclusion, malformation or agenesis, make the third molar more problematic than other teeth (3), the special relevance on this form of evidence (4) (5) (6) (7) (8) (9) (10) (11) (12) has made the wisdom tooth the referral dental element in discriminating age for 16-22 years old.
There is a consensus about the relevance of gender in dental development (4, 6, 7, 13) , as well as other characteristics -like ethnicity (14) (15) (16) (17) , general health (18) (19) (20) (21) (22) and nutrition (23) although the influence of these factors are not definitely ascertained. Also doubts arise about the relevance, in age assessment, in all third molars versus some subset of them -lower or upper arch, right or left part (8)-and the role played by the radiographic technology of the OPGs.
Regarding the statistical approach used, two main alternatives have been proposed in the literature: regression models and polynomial function (24) (25) (26) , estimating the individual's age based on the dental development and some covariates, and supervised classification methods (27) , ascertaining if an individual is younger or older than the age threshold of interest.
Our aim is to propose a probabilistic model dealing with forensic age assessment, using the third molars according to the Demirjian's classification (28) and assessing the probability of the individual's age as over or below a specific threshold. For this reason, we concentrated on the class of the supervised classification models, and decided to use a Bayesian Naive Classifier , or simply Naïve Bayes (29, 30) , modified to cope with uncertain observations.
Uncertain observations arise when the observers find difficulty in classifying the third molars in only one of the stages of the Demirjian's scale. For this reason, we allowed the observers to specify more than one state with an associated degree of uncertainty. This form of observation is called soft-evidence and has been introduced in the statistical literature by Pearl (31) and employed in Bayesian networks by Bilmes (32) . Shapiro also considered this feature for medical diagnosis (33) .
After an attempt to classify individuals as adults or minors, we introduced a non-decision class including the age threshold of 18 years. Taking into account the trade-off between the reduction of misclassification errors and the information loss for classified individuals, we propose to evaluate the models performance and consider the OPG's technology.
Finally, because of the uncertain nature of the observations, we expected discrepancies between the evaluations of the different experts and between the evaluations provided on the same
OPGs by the same observer at different times. Concerning this issue we proposed to evaluate the inter-observers and intra-observer reproducibility. that implies a sort of prediction of its final length and it was criticized in some previous studies (36) . Ages of the subjects were recorded based on their birth year. The OPGs were analogical or digital. The analogical OPGs were obtained by direct exposure from an X-ray photographic film and scanned in a jpg file (200 dpi) by an EPSON Expression 1680 Pro scanner. Digital OPGs were obtained by an electronic method called CDD acquisition, directly exporting files in jpg format from a radiographic system. All the resulting files were stored in a restricted area of a web site and available for the experts' evaluation.
Material and methods
Two experts provided the evaluations on all of the third molars' developments for each OPG, working independently and never exchanging information; they knew only the gender of the subjects. The experts are dentists of different experience and training: A is an experienced forensic odontologist while B has extensive clinical experience, but little forensic training. A and B also provided evaluations twice on a randomly drawn sub-sample of 77 OPGs to measure their intraobservers reproducibility. 
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Classification
To determine the individual's age we need to explicit a classific lassifying the subject into the class of age ation rule f. A possibility is + with highest estimated probability, i.e.: 
Expert's reproducibility
A measure of the inter-observers and intra-observes reproducibility we propose is: 
The application
In the set of covariates S we included only the variable for the training and test data sets randomly drawn .
Results
Dichotomous analysis
he dichotomous analysis's aim is to evaluate the probability that a subject is an adult or a minor, y on the gender and the third molars' evaluation provided by the expert. In Tab trichotomous analysis for minor's age assessment by using dental evidence deriving from all four third molars.
Percentage of false adults versus percentage of non-classified individuals
reshold, which can be diversely specified according to the case and to the judge.
his means that, if the predictive probability for an individual does not overcome the threshold, In the trichotomous analysis we can employ the classification rule (18) , introducing a probabilistic classification th T then the individual is not classifiable.
In Fig.1 and Fig.2 model performances are illustrated for Expert A and B. First, we show the relation between the percentage of non-classified individuals and the probabilistic classification threshold (Fig.1) , then, for classified individuals, we show the false adults percentage (Fig.2) . Expert B needs to make use of a threshold that equals 0,85 which obviously implies a higher percentage of non-classified cases, around 60%.
Evaluations' reproducibility
Concerning the reproducibility of the experts' evaluations, we evaluated the inter-observers reproducibility index (19) for each third molar and technolog
The divergences among Expert A and B shown in Tab.7 justifies the differences in th p ducibility we drew t new dental evaluations with the previous correspondent by means of the index (19):
has a higher reproducibility compared to the clinician expert B, who uses mostly hard-evidence. It is also clear that using the preferred technology can ucibility for both experts. Furthermore they obtain better performances on the lo when the upper teeth were used. ).
In conclusion, building a model based on expert evaluations, we should include a source of deal with the age assessment of non adult individuals aking use of dental evidence for forensic purposes.
The interest is on a specified age threshold, in this case 18 years old, since this age causes ifferent application of laws, grants and other social interventions. Considering the importance of ividual's age it is more appropriate to make use of a classifier instead of a spite its simplicity, produced verifiable and satisf bution takes into consideration that the observers are often unable to classify a tooth improve the model performance. uncertainty concerning intra-observers reproducibility. The higher the variability of the same observations the expert provides, the greater the uncertainty on the predictive probability. Hence, it is convenient that each expert uses his or her preferred radiographic technology (analogical or digital) allowing the highest reproducibility.
Conclusions
In this paper, we showed a methodology to According to the literature on dental evidence, we concentrated on observing the third molars for the 16-22 age ranges since they still exhibit an appreciable growth. Observations were provided with respect to Demirjian classification scale, one of the most reliable and widespread dental classification methods.
Our main contri in only one of the eight Demirjian stages. Therefore, they were allowed to make use of soft evidence providing the opportunity to classify in more than one state and with an associated belief.
In addition to differing skill levels and experience of the experts, providing the choice of the preferred technology can A second important feature of the method is to take into consideration the conflict between continuous dental development, and the arbitrary age thresholds set. To cope with this problem we nsic field, has provided the best results and has showed a large coherence Based on these ideas and results concurred from the articulated experiment, the experts hold a crucial role specifically concerning their skill in reading the OPG probabilistically.
In the experiment we noticed appreciable differences in the experts' performances and consequently on the value of the inter-observers reproducibility. Furthermore, Expert A who is more experienced in fore evidence evaluations (37) .
The results clearly show when soft evidence arises, it is fundamental to asse es in advance. Future studies will involve extending the analysis and including less homogenous individuals in a training set to take into account additional covariates. More importantly, we would like to produce more detailed age data, and to propose an optimized nondecision age class, to act as a com lassified cases. Ilj à B a r s a n t i , S t e f a n o G a r a t t i
